The Patient Treatment Room at the Bevalac is now in full operation. In the design of this facility, emphasis has been placed on creating an atmosphere appropriate to a clinical facility; the usual features of an irradiation cave have been hidden behind carpets, curtains and paint. Patient positioning is done with a Philips Ram-style couch, with additional fixtures to accommodate a patient in the seated or standing, as well as the supine, position. Dosimetry apparatus, collimators, ion chambers and the beam flattening system used to produce the highly uniform 20 cm diameter therapy field are described.
INTRODUCTION
The potentially great advantages to using high LET (Linear Energy Transfer) radiation for the treatment of cancer have been well demonstrated in clinical studies with neutrons, negative pi mesons and reavy ions at several institutions around the world. Studies are underway to explore these possibilities and develop appropriate techniques for optimum utilization of these treatment modalities. This paper will discuss the facilities developed at LBL for patient treatment with heavy ion beams from the Bevalac.
Heavy ions offer two distinct advantages over photons: physical dose distribution and enhanced biological effectiveness. The sharpness of the characteristic heavyion range-ionization curve, called the Bragg curve (sharp peak in Figure 4 ) allows substantial sparing of normal tissue, both on the way into the tumor as well as in a very low exit dose beyond the tumor. The rigidity of heavy ion beams also means that the lateral edges of the irradiation field will be very sharp, at most a few mm wide. The utilization of these physical characteristics will be discussed below, under Beam Delivery. The biological advantages stem from the high ionization density at the end of the particle range (Bragg peak) which causes more permanent cell damage (less repair can occur) and so is more lethal to the tissue in which it stops. The lower ionization density along the entrance path is less damaging, and so more sparing of normal tissue.
These properties have been extensively studied at the Bevalac over the last four years with cellI and animal radiobiology using beams of C, Ne and Ar.' The understanding gained from these studies has launched a full program of treatment of human cancers.
TREATMENT FACILITY
The facility layout is shown schematically in Figure 1 .
In addition to the treatment room, there is a staging area for physicians, physicists and technicians, an exam room, changing and waiting areas. Since a full patient reception and processing center is located in another nearby building, the patient waiting areas at the Bevalac are relatively modest. 0018-9499/79/U6U1J-J3U/43iUU. 1
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In--rnn --------l-1: Figure 3 ). At LBL we have fabricated a chair ( Figure 2 ) and a platform for seated and standing treatment modes.
Patient localization with respect to the beam axis is performed using five cross-hair lasers, two installed at lateral locations, one directly on the beam axis and one overhead. All the laser beams are adjusted to pass directly through isocenter. X ray tubes are also located along the beam axis, and at lateral and overhead positions.
BEAM DELIVERY
The basic tasks in delivering heavy ion radiation to the tumor site are to adjust the beam range so that particles stop at all points within the tumor, and to spread the beam out so that all areas of the tumor receive the same dose.
The basic range-energy curve (Bragg curve) is shown as the solid line in Figure 4 . Typically, the width of this curve is measured as less than 1 mm. Figure 4 is a typical example of a modified Bragg curve. The shape of the desired Bragg curve is determined from the results of biology experiments, since one is searching for equal biological effectiveness over the entire range of the spread-out Bragg peak. This "iso-effect" criterion is the reason that the dotted curve in Figure   4 is not flat. Figure 2 .
The lateral spreading of the beam into a uniform field is done with th scattering-foil occluding-ring system used at Harvardg and at the LBL 184" cyclotron (see Figure 5 ). multi-plane multi-wire chamber which uses CT algorithms to reconstruct its data into a 64 x 64 picture of the beam profile passing through the chamber. In summary, we view our radiotherapy facility as a prototype, in which the developments, techniques and experience gained in our day-to-day operation will provide invaluable insights into how to bring heavy-ion therapy most effectively into the hospital environment.
